Instabilities in 1D spatially extended systems are studied with the aid of both temporal and spatial Lyapunov exponents. A suitable representation of the spectra allows a compact description of all the possible disturbances in tangent space. The analysis is carried out for chaotic and periodic spatiotemporal patterns. Singularities of the spectra and localization properties of the associated Lyapunov vectors are discussed.
INTRODUCTION
Linear stability analysis of chaotic dynamics is usually concerned with the problem of measuring the divergence of nearby trajectories. ") In extended systems, the spatial dependence of the state variable requires considering also propagation phenomena and, more generally, spatial inhomogeneities, tz~ The full characterization of a generic perturbation involves both its temporal and spatial growth rates as complementary measures of its instability properties. Two classes of Lyapunov exponents have been separately introduced for this purpose: the former aims at describing the temporal evolution of disturbances with an exponential profile in space; (3) the latter deals with the spatial sh~ape of a perturbation defined on a given site at all times. 14)
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These, which will be called temporal and spatial exponents, represent the starting point of this paper. Their definitions are given in Section 3. Other indicators have been introduced in the attempt to characterizing the mechanisms of information transport. In this case, the object of study is the propagation of initially localized disturbances and has led to the introduction of the comoving Lyapunov exponents, t5"6~ Moreover, the Lyapunov analysis of a given ( 1 + 1 )D pattern can, in principle, be carried out along any direction. In fact, by performing a spatiotemporal rotation, i.e., by combining the role of space and time, it is possible to define still another class of "rotated" exponents, tT)
It has been shown that the maximum comoving Lyapunov exponent can be obtained from the maximum temporal exponent through a Legendre transform, t31 Moreover, the Kolmogorov-Sinai entropy turns out to be independent of the propagation direction along a spatiotemporal pattern, tT) Therefore, there must exist strong relationships among the several classes of exponents so far introduced. A particularly appealing problem is that of identifying the independent indicators which are necessary and sufficient for a complete characterization of a linear instability.
The present work, divided into two parts, intends to represent a first step toward a general and coherent theory. In this first part, we start from the observation that the most general perturbation is identified by two rates 2, p describing its growth in time and space, respectively. The number of linearly independent perturbations can be expressed by two integrated densities, n)~(p, 2) and n~,(p, 2). They provide a dual representation of the problem since any perturbation is unambiguously identified by the pair (n~,, n~) as well as by (It, 2) . The properties of these indicators are studied in several models of coupled map lattices (CML), since we are confident that the tools and the results apply equally well to systems with continuous space and time variables. The relationship with the indicators arising from reference-frame-dependent analysis of disturbances will be thoroughly discussed in the second part. t8~
In Section 2 several classes of CML models are recalled, which have been designed to mimic reaction-diffusion systems, many-degrees-of-freedom Hamiltonian dynamics, and systems with a conserved order parameter. As already anticipated, in Section 3 spatial and temporal spectra are formally defined. In Section 4 we introduce the so-called (p, 2) plane, which provides a compact graphical representation of Lyapunov spectra. It also allows enlightening analogies and differences between spatial and temporal exponents.
CML Lyapunov analysis has several analogies with the Schr6dinger problem in disordered lattice systems. ~4"9) This allows us to extract from the spatial spectra information about the localization of the temporal
